WHAT'S KNOWN ON THIS SUBJECT: Existing clinical research policy does not guarantee availability of results. Registration on the Web site ClinicalTrials.gov and the Food and Drug Administration Amendments Act improved transparency in pediatric clinical research. Registration and publication remain voluntary for many trials involving children.
Effective health care for children requires thorough analysis of the best research evidence. 1 Evidence-based health care decisions rely on investigators reporting the results of all studies, including those not completed or completed but not published. 2 Lack of comprehensive information threatens the transparency and integrity of research. 3 Publication bias (ie, when publication decisions are based on the direction and significance of the results) is a serious concern. 4 Studies showing a positive significant benefit from examined treatments are more likely to be published. Publication bias can distort the basis of treatment decisions. [5] [6] [7] Several regulations have helped to improve transparency and public oversight of clinical studies involving children. In 2000, the National Institutes of Health (NIH) requested (but did not mandate) that clinical trials assessing pharmacological treatments for serious or lifethreatening diseases be registered in the online database ClinicalTrials.gov, a Web site established by the National Library of Medicine. 8 Since 2000, 26 870 studies involving children have been registered on ClinicalTrials.gov, providing detailed information about interventions, outcomes, and sponsors. [9] [10] [11] In 2005, the International Committee of Medical Journal Editors required registration of all clinical studies as a condition of publication. 12 However, registration and publication of studies remain voluntary. Although policies vary among pediatric journals that publish trials, Pediatrics does require that trials be registered as a condition of publication. 13 The Food and Drug Administration (FDA) Amendments Act (FDAAA) of 2007 requires many studies to provide ClinicalTrials.gov with the study flow, baseline subject characteristics, and outcomes after active and control interventions within 1 year of study completion (phase II-IV interventional studies; studies involving FDA-regulated drugs; biological products or medical devices; studies having at least 1 site in the United States or conducted under an investigational new drug application or investigational device exemption; and studies initiated or ongoing as of September 27, 2007 , or later). [14] [15] [16] [17] [18] [19] Published analyses of compliance with registration and reporting have demonstrated substantial bias in selecting and publishing outcomes. 20, 21 Results of only 7.5% of phase II through IV clinical trials involving children were posted on ClinicalTrials.gov. 22 Registration, completeness, publication, and posting of results from studies involving children have not been previously examined. We investigated registration rates for NIHfunded studies involving children; rates of completion, termination, or suspension of registered studies involving children; and how often investigators whose research involved children published their results in peer-reviewed journals or posted results on ClinicaTrials.gov.
METHODS
We searched the Research Portfolio Online Reporting Tools (RePORT) grant database (available at http://projectreporter.nih.gov/reporter.cfm) on August 16, 2010, to find NIH-funded studies involving children. We used key words "child" AND "trial" or "randomized controlled clinical trial" in the years 2000 through 2010 to find all closed studies involving children sponsored by the NIH during this time period. This database does not provide search options using medical subject headings nor does it identify registration or recruitment status. To explore potential bias, we examined registration rate differences by funding institutes within the NIH.
We randomly selected 160 of all funded trials to ascertain whether they were (1) registered on ClinicalTrials.gov and (2) published in peer-reviewed journals indexed in Medline. Random selection was conducted by using the unique grant number. We estimated a need for 80 studies to detect statistically significant differences at a 95% confidence interval (CI) with statistical power of 80%, assuming a 25% vs 10% rate difference in registration of studies funded by different institutions. We excluded instances of continued funding of the same project titles.
To identify registration status of the NIH-funded studies, we used the grant number of each study to search ClinicalTrials.gov. To identify peer-reviewed publication of NIH-funded trials, we used the grant number of each study to search PubMed. We separately determined the proportion of published studies to test the hypothesis that registered studies were more likely to be published. We also analyzed time intervals between each study' s end date and first publication date.
To evaluate the completeness of studies registered in ClinicalTrials.gov, we searched that database for all closed studies (exact string is "Closed Studies | Child") involving children exclusively. We used the exact data provided by sponsors, relying on quality assurance conducted by registry personnel (Table 1) . 19 We used theClinicalTrials.gov classification scheme for interventions to look for differences in reporting rates.
To evaluate peer-reviewed publication of registered studies involving children, we randomly selected and examined 30% of the completed studies. We conducted random selection by using the unique National Clinical Trial (NCT) number (SAS codes are available from the authors by request). We reviewed the publication status of all terminated and suspended studies from ClinicalTrials.gov, assessed the reasons for suspension or termination provided on ClinicalTrials.gov, and categorized them according to whether they were "safety related" (defined as significant harms or lack of efficacy) 23 or "other" (eg, poor recruitment, economic, or organizational reasons).
We tested the association among availability of results from registered studies with participant characteristics, study methodology, and funding source. Results of registered studies were available for the public when sponsors posted outcomes on ClinicalTrials.gov or published them in peer-reviewed journals. We compared proportions of (1) completed and noncompleted studies, (2) studies with and without results posted on ClinicalTrials.gov, and (3) studies Enrolling by invitation: participants are being (or will be) selected from a predetermined population. Active, not recruiting: study is ongoing (ie, patients are being treated or examined), but participants are not currently being recruited or enrolled. Completed: the study has concluded normally; participants are no longer being examined or treated (ie, last patient' s last visit has occurred). Suspended: recruiting or enrolling participants has halted prematurely but potentially will resume. Terminated: recruiting or enrolling participants has halted prematurely and will not resume; participants are no longer being examined or treated. Withdrawn: study halted prematurely, before enrollment of first participant.
Conditions
Primary disease or condition being studied, or focus of the study. The date that the final subject was examined or received an intervention for the purposes of final collection of data for the primary outcome, whether the clinical trial concluded according to the prespecified protocol or was terminated Why study stopped? (not available for downloading)
A brief explanation of why suspended, terminated, or withdrawn studies have been halted or terminated ARTICLE published or not in peer-reviewed journals. We compared the proportions by using x 2 tests and Fisher exact tests in cases of small numbers.
We examined time intervals between study completion or termination and posting of results on ClinicalTrials.gov, and between study completion and publication in peer-reviewed journals.
We used logistic regression and calculated odds ratios (ORs) with 95% CIs for all comparisons. All calculations were performed with the frequency procedure by using SAS 9.1 software (SAS Institute Inc, Cary, NC) at 95% CIs with two-sided P values. 24 
RESULTS

Registration of NIH-Sponsored Studies Involving Children
We retrieved 1571 studies from the Re-PORT grant database. We randomly selected 160 unique pediatric studies after deleting duplicate records of continuous grants ( Supplemental Fig 2) . Of the 160 studies in our sample, only 52 (33%) were registered on ClinicalTrials.gov. The RePORT database provides insufficient detail about study designs and protocols to determine whether a study was subject to the FDAAA requirements for registration and posting of results. However, we searched specifically for trials described as randomized controlled clinical trials, for which registration should have been a publication requirement.
Odds of registration varied across sponsoring agencies (Supplemental Table 4 ). Studies sponsored by the National Heart, Lung and Blood Institute were registered more often than studies funded by other NIH institutes.
Registered Studies Involving Children
We retrieved 57 299 records of closed studies from ClinicalTrials.gov, eliminating 66 because of misplaced fields. From the remaining 57 233, we identified 3428 (6%) studies involving exclusively children for the analysis.
Completeness of the Registered Studies Involving Children
The majority of the studies were completed (Table 2) . Suspended, terminated, or withdrawn studies (28, 
Terminated Studies
Odds of termination varied across study categories (Supplemental Table 5 ). Studies that examined medical devices were terminated more often than those that examined biological agents (OR of termination, 4.5; 95% CI: 1.1-19.3). Studies that examined drugs were terminated more often than those that examined disease management (OR: 6.6; 95% CI: 2.1-21.0) or biological agents (OR: 3.9 95% CI: 2.0-7.6). Studies that examined procedures were terminated more often than those that examined biological agents (OR: 3.4; 95% CI: 1.4-8.7). Odds of termination did not differ between industry-and NIH-funded studies (OR: 0.9; 95% CI: 0.5-1.7).
Of 152 terminated studies, 48 (32%) did not report reasons for termination, 21 (14%) cited safety-related reasons, and 83 (55%) cited poor recruitment or other administrative reasons. Odds of termination due to safety did not differ between industry-and NIH-funded studies. Neither odds of termination due to safety nor odds of failing to report reasons for termination differed by funding source or intervention type. Safety-related reasons for termination varied across the studies (Supplemental Table 6 ). In many cases, study termination was initiated by institutional review boards or by data safety monitoring boards. Terminated studies lasted 2 years on average. Results of only 7 terminated studies were posted, and 3 of those cited safety as the reason for termination.
Suspended Studies
Of the 28 suspended studies, 7 (25%) did not report reasons for suspension, 7 (25%) reported safety reasons, 11 (39%) reported other reasons, and 3 (11%) changed their status to active. Safetyrelated reasons for suspension varied across the studies (Supplemental Table  4 ). For instance, studies could be suspended for lack of approval from institutional review boards (NCT00176956; NCT00577226), an FDA hold (NCT00589953), or decisions from other regulatory agencies (NCT00657748). Suspended studies lasted on average 2.8 years, and none of their results were posted on ClinicalTrials.gov.
Posting of the Results From the Registered Studies Involving Children
The results from the majority of studies involving children were not posted on ClinicalTrials.gov (3249 or 95%; Table 2 ). The results of industry-funded studies were posted more often than NIHfunded studies (OR: 13.9; 95% CI: 5.1-37.6; Supplemental Table 7 ). The results of interventional studies were posted more often than observational studies (OR: of posting 3.6; 95% CI: 1.8-7.4). The results of phase III clinical trials were posted more often than phase II (OR: 2.6; 95% CI: 1.6-4.1) or phase IV clinical trials (OR: 1.6; 95% CI: 1-2.4). The results of studies that examined biological agents were posted more often than studies of medical devices (OR: 7.6; 95% CI: 1.8-31.6), drugs (OR: 2.0; 95% CI: 1.4-2.8), or all other interventions combined (OR: 8.1; 95% CI: 4.4-14.8; Table 3 ). The results of drug studies were posted more often than studies of all other interventions combined (OR: 4; 95% CI: 2.2-7.3). 
Publication of Results From Studies Involving Children
Publication of NIH-Funded Studies
It proved difficult to identify publications. Most published articles included several grant numbers, and each grant project included links to several articles. Published article titles and abstracts differed from descriptions of the grants. We used the names of the principal investigators to determine which grant numbers most closely reflected the results in specific published articles. Funded studies may last several years or be renewed; thus publication time varied depending on the area of research.
In our search in Medline using grant numbers, only 85 (53%) of the randomly selected NIH-sponsored studies were published. Registered trials were published more often than unregistered trials (Fig 1) . Odds of publication did not differ significantly by grant type or funding agency (Supplemental Table 8 ).
Time intervals between project end dates and first publication averaged 1.6 years (SD 1.7 years, median 1.6 years). Time intervals did not differ by registration status of the grants or by sponsoring agencies.
Publication of Completed Registered Studies
We examined the peer-reviewed publication of 758 (32%) studies randomly selected from 2385 completed studies involving children. Only 29% of completed registered studies were published in peer-reviewed journals indexed in Medline (Supplemental Table 9 ). The odds of study publication significantly differed by sponsor (industry-versus NIH-funded studies), by study type, and by intervention type (Fig 1) . The results of industrysponsored studies were published less often than those funded by the NIH. Results of interventional studies were published more often than those from observational studies. Results from randomized controlled clinical trials were published more often than results from nonrandomized studies.
Results from studies examining drugs were published less often than those of medical devices.
Publication rates differed most among individual sponsors (Table 3 ). Of 117 sponsors that funded .1 study, 65 did not publish results. Of 17 sponsors that funded .5 studies, 3 did not publish results. Only 5 sponsors published results of more than half of their studies.
Publication of Incomplete Registered Studies
The results from terminated and suspended studies on ClinicalTrials.gov were rarely published. Results from only 6% of terminated (9/152) and none of the suspended studies were published. Time intervals between termination dates and posting of results averaged 1.6 years (median, 1.2 years; SD, 0.9 years). Time intervals did not differ by examined study characteristics or reasons for termination. However, time intervals significantly differed across sponsors.
Of 9 terminated studies for which results were published, 4 mentioned that the study was terminated, [25] [26] [27] [28] Poor recruitment often led to termination of studies involving children. Possible reasons for poor recruitment, and strategies to enhance children' s participation in clinical research, have been discussed in the literature. [56] [57] [58] [59] [60] [61] [62] [63] [64] Public confidence in clinical research is integral to improving recruitment and participation in research involving children. 65 Better regulation and oversight of research transparency, including consistent posting of results from all clinical research, may help improve public trust.
Publication bias presents a serious problem in children' s clinical research. Our findings are comparable to previously published analyses of completed trials involving children, which show a 42% publication rate. 21 Such a substantial publication bias may threaten the validity of research summaries. Publication bias is endemic, and, along with lack of access to research results, it is evident across studies of all age groups. [5] [6] [7] Posting study results in ClinicalTrials. gov provides access to research findings not otherwise available to the public, 19 but the credibility of the posted protocols and findings depends on the (52) commitment of investigators to submit complete and accurate data. 19 The results of only 9% of all completed studies and 7.5% of phase II through IV clinical trials involving children were posted on ClinicalTrials.gov. 22 Only 24% of the studies that posted results were also published. Previous analyses of all research across age categories have estimated a 30% compliance rate with the FDAA requirements for posting results and a 25% to 52% publication rate for studies that post results. 19 did not analyze publication of all completed studies. Potential implications of our limitations include lack of causal association between study results and publication, and investigators' true motivations to publish the results. Nevertheless, our preliminary analysis is the first to reveal low registration and publication rates and a growing number of noncompleted studies involving children.
We conclude that results are not available from the majority of studies involving children, revealing a substantial publication bias. Registration and posting of the results on ClinicalTrials.gov should be mandatory for all studies involving children.
